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Introduction
Agreements in the previous meetings are as follows regarding beam management for multi-TRP related scenarios [1, 2]. 
	Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs
Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
Agreements:
· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams
Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· Reporting information at least include
· Measurement quantities for N beam (s) 
· Information indicating N DL Tx beam(s), if N < K



Beam management scenarios for multi-TRP operations
Let’s consider an example of one cell with four TRPs, and three TRPs #0, #1 and #2 are located near a UE. The control channel should be more robust to the beam variation and blockage than the data channel in multi-beam based system. To cope with link failure on the control channel due to for example blockage, the PDCCH transmitted to UE can be transmitted from all three neighbor TRPs, which increase the direction diversity. By this manner, the transmission of PDCCH is robust to blockage between UE and one TRP [3]. For efficient Multi-TRP operation, NW should provide a proper method to UE for conducting beam measurements per TRP, and UE shall report preferred beam set information per TRP to the NW. Otherwise, UE reports N beams which are associated with only a single TRP. 


Figure 1

Scenario 1: UE-specific CSI-RS is used for the beam measurement for multi-TRP operations
To find the neighbor TRP list and their preferred beam set information, measurements based on RACH signal can be one of the possible solutions. If NW triggers RACH signal transmission to a UE, the UE transmits RACH signal for all directions of its tx beams (or some directions selected by UE), and all TRPs in a cell shall measure the received signal strength by setting a certain direction of their rx beam. This process should be repeatedly conducted to cover all directions of TRP’s rx beams. This solution may shorten UE’s battery life significantly since frequent RACH signal transmission is expected to prevent outdated neighbor TRP list and their preferred beam set information. This solution also requires dedicated RACH preamble used for this purpose only (to distinguish with normal RACH procedures), and it may cause either lack of preamble resources or increasing RACH resource overhead especially when many UEs are connected state in a cell. 
Another approach is to allocate CSI-RS with K = Tcell beams which represent all the beams covering whole directions from all TRPs in a cell. For example in Figure 1, Tcell = TTRP, 0 + TTRP, 1 + TTRP, 2+ TTRP, 3 where TTRP, i represents all beam directions exploited by TRP #i. To obtain TRP-specific beam set information, NW should configure multiple beam groups where all the beams included in a beam group is associated with a single TRP. Based on the measurements of CSI-RS, UE reports preferred beam groups and Ni selected beams per each group. This solution may require enormous amount of system overhead if CSI-RS is allocated in UE-specific manner. 
Observation 1: NW can use RACH mechanism to acquire per TRP beam information for a certain UE. However, this would make large power consumption at UE side and also results in large RACH resource overhead. 
Scenario 2: Cell-specific RS is used for the beam measurement for multi-TRP operations
If cell-specific RS is supported for beam management in NR, we can consider cell-specific RS composed of Tcell beams. If NW additionally gives beam-grouping information to the UE where each beam group is associated with a certain TRP as shown in Figure 2, then UE can conduct beam-group specific measurements. Note that although the figure only includes TDMed TRP-specific beam-grouping, we can further consider other multiplexing solutions (e.g. FDMed or CDMed) as well. Based on the measurements, UE can select multiple preferred beam groups and preferred Ki beams for each group. When NW triggers multi-TRP operations, UE can feedback information of preferred beam groups and Ki beams for each beam group.
If necessary, NW can assign additional UE-specific CSI-RS for Ki beams per each neighbor TRP in shorter period than cell-specific RS. Based on the measurements of allocated UE-specific CSI-RS, UE can report Ni selected beams per each neighbor TRP more dynamically.



Figure 2

Observation 2: If cell-specific RS is supported for beam management in NR, NW can further indicate TRP-specific beam-grouping information to UE with marginal signaling overhead. Based on the information, UE can measure TRP-specific beam group measurements and report preferred beams for each beam group. 

Conclusions

Observation 1: NW can use RACH mechanism to acquire per TRP beam information for a certain UE. However, this would make large power consumption at UE side and also results in large RACH resource overhead.
Observation 2: If cell-specific RS is supported for beam management in NR, NW can further indicate TRP-specific beam-grouping information to UE with marginal signaling overhead. Based on the information, UE can measure TRP-specific beam group measurements and report preferred beams for each beam group.
Proposal: NR shall support cell-specific RS for beam management.
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